Introduction {#Sec1}
============

Environmental degradation has undoubtedly proven to be one of the most important problems humanity must face in the twenty-first century. Anthropogenic greenhouse gases represent an important source of environmental degradation. Since the beginning of the Industrial Revolution in the eighteenth century, fossil fuel usage has increased CO~2~ levels from about 280 parts per million (ppm) in pre-industrial times to about 387 ppm at the beginning of this century and further to 400 ppm now, according to the National Oceanic and Atmospheric Administration (NOAA) Annual Greenhouse Gas Index (Boden et al. [@CR10]; Butler and Montzka [@CR12]). Carbon emissions (CO~2~) are known to represent the most significant contributor to recent climate change (Cai et al. [@CR14]). Global energy-related carbon emissions increased by 1.7% in 2018, the highest growth rate since 2013 (IEA [@CR28]). Why do countries not reduce CO~2~ emissions despite international agreements to do so such as the Kyoto Protocol and the Paris Agreement? In other words, why have CO~2~ emissions increased recently? According to a study by the Center for Global Development, developing countries account for 63% of the current CO~2~ emissions (Center for Global Development [@CR15]). In addition, the Clean Development Mechanism established under the Kyoto Protocol does not require developing countries to curtail their emissions that result from trade activities, while industrialized countries must reduce their emissions to a certain level to comply with the Protocol. This effect is confirmed in the United Nations Conference on Trade and Development (UNCTAD) [@CR58] report, which stated that "annual carbon emissions have accelerated in developing countries and have stabilized in developed countries" (UNCTAD [@CR58]).

The Kyoto Protocol drew attention to trade activities in developing countries, which view foreign direct investment (FDI) as an important strategy for economic growth. FDI inflows to the developing countries have increased, especially in the last three decades, due to increased globalization and the free movement of capital. Developing countries cannot allocate sufficient resources to investments that will contribute to economic development to achieve their growth targets. Therefore, FDI can provide some of the resources required. FDI can assist in a country's development through technology transfer, improved productivity, new management skills, and infrastructure developments. Although FDI contributes to economic growth in the host country, it also raises controversy about environmental quality. The environmental economics literature approaches this question through two opposing hypotheses. The first, the pollution haven hypothesis, states that pollution-intensive production activities are directed from developed countries to those with more lax environmental regulations through FDI. Thus, developed economies reduce the costs of adapting to environmental regulations and benefit from a cheap labor force. The other hypothesis, known as the pollution halo hypothesis, claims that companies from the investing developed countries contribute to the host country's reduction of emissions because their production structure relies on green technology, unlike the host country's existing production.

Since the second half of the twentieth century, developed countries have imported many products from developing countries and in this way exported their CO~2~ emissions to the developing countries (Peters and Hertwich [@CR45]). Developed economies ultimately seek to keep the global temperature rise below 2 ° C. Thus, the developed countries transferred 16 Gt CO~2~ emissions to the developing countries between 1990 and 2008 through international trade (Peters et al. [@CR46]). In Turkey, a developing country, both CO~2~ emissions and FDI inflows increased during the same period (World Bank [@CR59]). The EY Attractiveness Survey Europe [@CR19] named Turkey Europe's 7th most popular international investment destination in 2018. FDI in Turkey increased 209 billion dollars, more than tenfold the original amount, between the years 2003 and 2018 (Central Bank of the Republic of Turkey [@CR16]). BP ([@CR11]) confirms that Turkey emitted 209.9 million tons of CO~2~ in 2003, which had increased to 389.9 million tons by 2018. Turkey seems to be quite far from their emission targets in both the Kyoto Protocol and the Paris Agreement. Turkey's capability to reduce their CO~2~ emissions will also play an important role in their EU membership process. Thus, deeply investigating the effect of FDI on CO~2~ emissions is essential for Turkish policymakers. Therefore, we believe that use of advanced econometric techniques to investigate the effect of FDI on CO~2~ emissions in Turkey not only assists in guiding Turkey's environmental policy but also provides an important contribution to the environmental economics literature as a whole.

This study examines the asymmetric impact of FDI on Turkey's CO~2~ emissions between the years 1974 and 2018. In this context, this study aims mainly to asymmetrically analyze the relationship between FDI and CO~2~ emissions in the short as well as long run, as opposed to the existing literature which examines these links symmetrically, as both FDI and CO~2~ can react differently to random shocks. For example, a negative shock in a host country may cause some companies to believe that the situation is temporary, deciding to maintain their position and continue their investments in that country. However, some companies do not want to take the risks associated with the negative situation and may withdraw their investments. Similarly, emissions can increase or decrease due to shocks. For instance, while some countries choose to restrict emissions through protective policies, others avoid serious measures due to economic losses from negative shocks. Therefore, analyzing each of these variables' disparate reactions to positive versus negative shocks strengthens the validity of the research. In this context, our study distinguishes the asymmetric effects of shocks on the short- and long-term relationships between the variables.

To the best of our knowledge, the pollution halo/haven hypotheses have only been tested symmetrically. However, negative and the positive shocks can affect pollution differently. With this in mind, we obtained the negative and the positive cumulative shocks of FDI and CO~2~ emissions for Turkey. After analyzing short-run asymmetric causality by using the negative and positive cumulative shocks, we performed hidden co-integration techniques drawn from Granger and Yoon ([@CR22]), and Hatemi-J and Irandost ([@CR25]) to test the asymmetric pollution halo and haven hypotheses in Turkey. The hidden co-integration methodology allows researchers to evaluate relationships between the positive and negative cumulative shocks of the series. The hidden co-integration procedure uses the cumulative shocks of the variables to allow estimation of long-run asymmetric relationships between the series. By estimating the crouching error correction model (CECM) after performing Granger and Yoon's ([@CR22]) hidden co-integration test and the vector error correction model (VECM) after performing Hatemi-J and Irandost([@CR25]) hidden co-integration test, we estimated the short-run relationships between the cumulative positive and negative shocks of the variables. Furthermore, we defined the long-run asymmetric causality between the variables based on the error correction models.

This study contributes to the literature in the following ways: firstly, by asymmetrically testing both the pollution halo and haven hypotheses. Secondly, it investigates the long-run asymmetric causality through the estimation of the error correction model. Finally, it proposes stepwise regression to estimate the CECM drawn from Mert and Caglar's ([@CR38]) study. An examination of the literature reveals that no more than four lags are usually incorporated in the crouching error correction model as it is too computationally intensive to add more (see Honarvar [@CR27]; Alom and Ritson [@CR5]; Alexakis et al. [@CR3]; Koutroulis et al. [@CR33]). However, the crouching error correction model may possess more than 4 lags. This discrepancy may lead to omitted variable bias in the studies. To correct for such bias, we thus suggest stepwise regression to select the lags in the crouching error correction model initially proposed by Mert and Caglar ([@CR38]), thus providing a methodological contribution to the literature. In this way, this study provides a new perspective in the ongoing debate about the FDI-emission relationship.

The next section of the study presents a review of the current literature on the pollution haven and pollution halo hypotheses. "Data and methods" describes the data and econometric methodology of the study. "Findings" presents empirical findings, and "Discussion" concludes the study.

Literature review {#Sec2}
=================

The relationship between environmental degradation and FDI inflows has become a popular topic of discussion in environmental economics. The current literature presents two opposing hypotheses examining the impact of FDI on environmental degradation. The first, the well-known pollution haven hypothesis, posits that global companies outsource pollution-intensive industries to countries with cheap labor and lax environmental regulations. These countries, which do not possess the resources necessary for economic development, instead depend on external investments. They rely on legislative incentives to encourage FDI. This hypothesis is partially explained by Grossman and Krueger's ([@CR23]) scale effect, which postulates that countries need more natural resources and inputs in the first stage of economic growth. Thus, FDI-led growth in the first stage of economic development should lead to more environmental pollution. Zhang and Zhou ([@CR60]) found that FDI inflows could enhance the host country's economic activities, which triggers an increase in environmental pollution if the lax regulations of the host countries are not changed. On the contrary, the pollution halo hypothesis posits that multinational companies transfer new production processes, management skills, and greener technologies to the host country by complying with the international environmental standard framework, thus contributing to a reduction in carbon emissions of the host country.

An examination of the current literature investigating the effect of FDI on environmental degradation reveals the importance of country selection in the studies. While some studies consider individual countries, others analyze country groups. Shahbaz's ([@CR52]) work serves as a pioneer for the literature on the FDI-emission links; as previous work had proven that this relationship changes by country groups (i.e., low, middle, and upper countries, etc.), his study demonstrated the pollution haven hypothesis is more strongly supported in low- and middle-income countries, while the pollution halo hypothesis appears more valid in high-income countries. Table [1](#Tab1){ref-type="table"} presents a summary of several studies that investigated whether FDI causes environmental pollution in the host country through various econometric methods.Table 1Summary of FDI-emissions nexus empirical studiesReferenceLocationPeriodMethodologyResultCategory A: time series papersSolarin et al. ([@CR54])Ghana1980--2012ARDLPollution havenRana and Sharma ([@CR49])India1982--2013ARDL and dynamic multivariate Toda-Yamamoto (TY) approachPollution havenSun et al. ([@CR55])China1980--2012ARDLPollution havenTang and Tan ([@CR56])Vietnam1976--2009Johansen co-integration approach and Granger causalityPollution haloShahbaz et al. ([@CR53])France1955--2016Bootstrap ARDLPollution havenLau et al. ([@CR34])Malaysia1970--2008ARDL and Granger causalityPollution havenBello and Adeniyi ([@CR9])Nigeria1970--2006ARDLPollution havenMerican et al. ([@CR36])ASEAN 5 countries1970--2001ARDLMalaysia, Thailand, and Philippines for pollution haven; Indonesia for pollution halo; and Singapore for neutralityCategory B: panel data papersLee ([@CR35])G20 countries1971--2009Panel fixed effectPollution havenShahbaz et al. ([@CR52])Low-, middle-, and high-income countries1975--2012Co-integration (i.e., Pedroni, Fisher), FMOLS estimator, and Dumitrescu-Hurlin causalityPollution haven for low- and middle-income countriesPollution halo for high-income countriesBaek ([@CR6])ASEAN 5 countries1981--2010Pedroni for co-integration and panel ARDLPollution havenBakirtas and Cetin ([@CR7])MIKTA countries1982--2011Panel VARPollution havenAl-Mulali and Ozturk ([@CR4])MENA countries1996--2012Pedroni for co-integration, FMOLS for estimator, and VECM Granger causalityPollution havenMert and Boluk ([@CR37])Kyoto countriesUnbalancedPanel ARDLPollution haloMert et al. ([@CR39])Different European country groupsUnbalancedPanel ARDLPollution havenDestek and Okumus ([@CR17])10 newly industrialized countries1982--2013Error correction--based co-integration approach and CCE estimatorNABalsalobre-Lorente et al. ([@CR8])Mint countries1990--2013Pedroni, Kao, and Fisher for co-integration; FMOLS and DOLS for estimator; Dumitrescu-Hurlin causalityPollution haloAlbulescu et al. ([@CR2])4 Latin American countries1980--2010Panel quantile regressionNACategory C: papers based on TurkeySeker et al. ([@CR50])Turkey1974--2010ARDL, Hatemi-J co-integration, and Granger causalityPollution havenTerzi and Pata ([@CR57])Turkey1974--2011Toda-Yamamoto-augmented Granger causalityPollution havenKocak and Sarkgunesi ([@CR32])Turkey1974--2013Maki for co-integration, DOLS for estimator, and Hacker and Hatemi bootstrap causalityPollution havenKılıcarslan and Dumrul ([@CR30])Turkey1974--2013Johansen co-integrationPollution havenOzturk and Oz ([@CR44])Turkey1974--2011Maki for co-integration, DOLS for estimator, and Granger causalityPollution haloMutafoglu ([@CR40])Turkey1987Q1--2009Q4Johansen co-integration and Granger causalityPollution haven**Note:***NA* indicates no definite result

Contradictory views frequently occur in the literature, especially in studies that focus on FDI and environmental pollution. While some studies support the pollution haven hypothesis (Akbostancı et al. [@CR1]; Kivyiro and Arminen ([@CR31]); Seker et al. [@CR50]; Solarin et al. [@CR54]; Gorus and Aslan [@CR21]; Caglar [@CR13]), others find stronger evidence for the pollution halo hypothesis (Hao and Liu [@CR24]; Mert and Boluk [@CR37]; Rafindadi et al. [@CR48]; Balsalobre-Lorente et al. [@CR8]). In addition, some studies (Lee [@CR35]; Shaari et al. [@CR51]) demonstrate that the neutrality hypothesis is more appropriate for explaining the relationship between these two variables. Studies examining the FDI-emission link in Turkey employ both the standard ARDL and the Johansen and Maki structural breaks co-integration tests. Table [1](#Tab1){ref-type="table"} shows that the pollution haven hypothesis is more strongly supported in all the studies focusing on Turkey except in Ozturk and Oz ([@CR44]). In general, criteria such as country selection, data length, and econometric method play a key role in the difference in results. The FDI-emission literature relies most frequently on co-integration and causality analysis such as ARDL co-integration and Granger causality. Our study examines the short- and long-term asymmetric causality for the FDI-CO~2~ emission relationship in Turkey. We use the Hatemi-J ([@CR26]) asymmetric causality test for short-term analysis, while we employ both the Granger and Yoon ([@CR22]) and Hatemi-J and Irandost ([@CR25]) hidden co-integration approaches, which, to the best of our knowledge, have not yet been used in the relevant literature, for long-term causality.

Data and methods {#Sec3}
================

We obtained the 1974--2018 time series of carbon dioxide (CO~2~) emissions (metric tons per capita) from BP statistics and the net foreign direct investment (current US\$) series (FDI) from the World Bank online database over the same time period. We used different data sources for each series since the series FDI was available on World Bank database until 2018, but its emission series only ran until 2014. We used the natural logarithms of both series for analysis. To obtain the natural logarithm of the FDI series, we added a constant value to the series so that all its values were positive.

We firstly performed unit root tests to analyze the stationarities of both series, employing the Phillips-Perron (PP) (Phillips and Perron [@CR47]) and Ng-Perron (Ng-P) tests (Ng and Perron [@CR43]). Furthermore, to analyze the structural breaks in the series, we used the Zivot and Andrews (ZA) unit root test ([@CR61]), which allows one structural break in the series, as well as the Narayan and Popp ([@CR41]) unit root (NP) test, which allows two structural breaks.

To study the short-run asymmetric causal relationships between the series, we employed the Hatemi-J ([@CR26], HJ) test. According to the standard procedure for this test, we could write the series as Eqs. [1](#Equ1){ref-type=""} and [2](#Equ2){ref-type=""} if the series are *I*(*1*):$$\documentclass[12pt]{minimal}
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In Eqs. [1](#Equ1){ref-type=""} and [2](#Equ2){ref-type=""}, CO~20~ and FDI~0~ represent initial values, while series *ε*~1*t*~ and *ε*~2*t*~ are white noise. The positive and negative shocks of the series are represented as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\varepsilon}_{1i}^{+}=\max \left({\varepsilon}_{1i},0\right) $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\varepsilon}_{2i}^{+}=\max \left({\varepsilon}_{2i},0\right) $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\varepsilon}_{1i}^{-}=\min \left({\varepsilon}_{1i},0\right) $$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\varepsilon}_{2i}^{-}=\min \left({\varepsilon}_{2i},0\right) $$\end{document}$ (Nasir et al. [@CR42]). Decomposing these shocks allows them to be rewritten as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\varepsilon}_{1i}={\varepsilon}_{1i}^{+}+{\varepsilon}_{1i}^{-} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\varepsilon}_{2i}={\varepsilon}_{2i}^{+}+{\varepsilon}_{2i}^{-} $$\end{document}$. The cumulative positive and negative shocks of the series could be represented as in Eqs. [3](#Equ3){ref-type=""}--[6](#Equ6){ref-type=""}:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\mathrm{CO}}_{2t}^{+}={\sum}_{i=1}^t{\varepsilon}_{1i}^{+} $$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\mathrm{CO}}_{2t}^{-}={\sum}_{i=1}^t{\varepsilon}_{1i}^{-} $$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\mathrm{FDI}}_t^{+}={\sum}_{i=1}^t{\varepsilon}_{2i}^{+} $$\end{document}$$$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ {\mathrm{FDI}}_t^{-}={\sum}_{i=1}^t{\varepsilon}_{2i}^{-} $$\end{document}$$

According to the HJ test procedure, the cumulative shocks are then represented as a VAR model with *p* lags. The lag *p* is a lag in a VAR model that meets all stability conditions; it is determined by criteria such as AIC or SC. The HJ test uses a Wald test statistic (W-stat.) to test asymmetric causality between the cumulative shocks with bootstrap-critical values (Hatemi-J [@CR26]).

The asymmetric pollution halo and the asymmetric pollution haven hypotheses are defined in Table [2](#Tab2){ref-type="table"}, which assumes FDI shocks are independent variables, whereas CO~2~ shocks are assumed to serve as the dependent variables in the long-run equations. Furthermore, the coefficients for the shocks of FDI in the equations are assumed to be statistically significant. Thus, eight different equations could be obtained to test asymmetric hypotheses by the end of the procedure.Table 2Definitions of asymmetric pollution haven/halo hypothesesCaseSign^a^Shocks of FDIShocks of CO~2~Hypothesis1+FDI^+^$\documentclass[12pt]{minimal}
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The pollution haven hypothesis claims that foreign direct investments lead to increased emissions, while the pollution halo hypothesis posits that the foreign direct investments lead to a decline in emissions. Thus, for cases 1 and 3 in Table [2](#Tab2){ref-type="table"}, any shock (positive or negative) to foreign direct investments leads to an increase in the positive movements of emissions, thus confirming the validity of the asymmetric pollution haven hypothesis in those cases. In cases 6 and 8 in the table, any shock to the foreign direct investments induces a decrease in emission decrease. This means that the shocks of the foreign direct investments will brake on emission downturn. Thus, the asymmetric pollution haven hypothesis would be valid in cases 6 and 8. However, in cases 2 and 4, any shock to foreign direct investments causes a decline in emission growth. That is, the shocks of the foreign direct investments will brake on emission rises. Consequently, cases 2 and 4 would support the asymmetric pollution halo hypothesis. According to cases 5 and 7, any shock to foreign direct investments causes an increase in emission decline. Thus, foreign direct investment shocks should lead to a downturn in emissions, providing evidence for the validity of the asymmetric pollution halo hypothesis.

To reveal long-run asymmetric relationships between the series, we performed hidden co-integration techniques by Granger and Yoon ([@CR22]) and Hatemi-J and Irandost ([@CR25]). These procedures use the cumulative shocks represented in Eqs. [3](#Equ3){ref-type=""}--[5](#Equ5){ref-type=""} as the variables in the long-run and short-run equations. Granger and Yoon's ([@CR22]) hidden co-integration employs Engle and Granger's ([@CR18]) co-integration technique while Hatemi-J and Irandost ([@CR25]) use the Johansen ([@CR29]) vector error correction models (VECMs) to derive the long- and short-run equations. To evaluate the long-run asymmetric causal relationship between the cumulative shocks, we estimated the crouching error correction model (CECM) after performing Granger and Yoon's ([@CR22]) hidden co-integration test and estimated the VECM after performing Hatemi-J and Irandost ([@CR25]) hidden co-integration test.

Findings {#Sec4}
========

We performed the PP and Ng-P tests to analyze the unit root of the series. The results of these tests can be seen in Table [3](#Tab3){ref-type="table"}. They show that the levels of the CO~2~ and FDI series are non-stationary, but their first differences are stationary.Table 3Unit root process**PP testAdj.*t*-stat.**CO~2~− 3.43*∆*CO~2~− 8.20\*\*FDI− 2.61*∆*FDI− 10.78\*\***Ng-P testMZaMZtMSBMPT**CO~2~− 14.11− 2.630.196.59*∆*CO~2~− 21.09\*− 3.24\*0.15\*4.38\*FDI− 11.31− 2.370.218.07*∆*FDI− 1428.34\*\*− 26.72\*\*0.02\*\*0.06\*\*The models with trend and intercept are used\*Significant at .05 level; \*\*significant at .01 level

In addition to the PP and Ng-P tests, we performed ZA and NP tests to check for the presence of any significant structural breaks in the series. Ordinary unit root tests such as PP and Ng-P cannot reject the unit root null hypothesis as they do not consider structural breaks. If significant structural breaks exist in the series, ordinary unit root tests can find the series to be non-stationary even if it is stationary. Thus, to ensure a more robust decision about the existence of a unit root in a series, the unit root tests with structural breaks should be performed after the ordinary unit root tests, especially if ordinary root tests find that the series is non-stationary. Table [4](#Tab4){ref-type="table"} provides the results of these unit root tests with structural breaks. According to these results, the unit root hypothesis cannot be rejected; thus, we conclude that no significant structural breaks in the series exist.Table 4Unit root with structural breaksZA test*t*-stat.*T*~b~LagCO~2~− 4.6119850FDI− 5.5020066**NP test*t*-stat.*T***~**b1**~***T***~**b2**~**Lag**CO~2~− 3.94199320000FDI− 3.67200520083**Notes:** Model C is used. Max. lag is 6. The 0.01 critical value for ZA test is − 5.570. The 0.01 critical value for NP test is − 5.576

From these unit root test results, we concluded that the series CO~2~ and FDI are *I*(*1*), so the HJ test can be performed to estimate the short-run asymmetric causal relationship. To do so, we obtain the cumulative shocks of the series given in Eqs. [3](#Equ3){ref-type=""}--[5](#Equ5){ref-type=""}. The lag value is determined from the VAR model, which meets all the stability conditions based on the AIC statistic. The HJ test results can be seen in Table [5](#Tab5){ref-type="table"}.Table 5Short-run asymmetric causality resultsHJ testBootstrap critical valuesDirectionW-stat.1%5%10%Causality$\documentclass[12pt]{minimal}
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As seen from the results in Table [5](#Tab5){ref-type="table"}, we found an asymmetric causality from the positive shocks of foreign direct investments to positive shocks of emissions. In other words, positive shocks to foreign direct investment cause positive shocks to the emissions in the short run. These results indicate that emission reduction policies that rely on FDI will actually induce increased CO~2~ emissions in the short run in Turkey. Thus, policymakers in Turkey must employ long-term policies to achieve the emissions targets. In addition, this study examines long-term relationships between FDI and CO~2~ emissions to guide policymakers in forming long-term policies.

To estimate long-run asymmetric causal relationships between the series, we performed the Granger and Yoon ([@CR22]) hidden co-integration (GY) test based on the co-integration procedure from Engle and Granger ([@CR18]). We began by performing unit root tests for positive and negative cumulative shock series given in Eqs. [3](#Equ3){ref-type=""}--[5](#Equ5){ref-type=""}, concluding that all the cumulative shocks were *I*(*1*). These results are not shown here to conserve space. We then performed a GY test for the functions $\documentclass[12pt]{minimal}
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According to the *Z*-statistic given in Table [6](#Tab6){ref-type="table"}, the series are co-integrated at the .10 level if the series $\documentclass[12pt]{minimal}
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                \begin{document}$$ {\mathrm{CO}}_2^{+} $$\end{document}$ is a dependent variable in the long-run equation. These long-run estimation results can be seen in Table [6](#Tab6){ref-type="table"}. The residuals of this long-run estimation are normally distributed. We tested the normality of the residuals with the Jarque-Bera test. We also calculated a HAC variance-covariance matrix to correct any possible heteroscedasticity or autocorrelation in residuals. The long-run estimation results demonstrate that all coefficients are statistically significant. The coefficient of FDI^+^ is − 0.221, which corresponds to the second case in Table [2](#Tab2){ref-type="table"} and means that a 1% increase in the positive shocks of the foreign direct investments will decrease the positive shocks of emissions by 0.221%. In other words, the positive improvements in the foreign direct investments will lead to a decrease in emission increase. This result supports the validity of the asymmetric pollution halo hypothesis in Turkey, confirming that FDI inflows contribute to Turkey's emissions targets. Policymakers who focus on environmental standards should thus encourage more investors to invest in Turkey through economic incentives such as tax breaks.

To estimate the CECM, Eqs. [7](#Equ7){ref-type=""} and [8](#Equ8){ref-type=""} can be derived as below (Granger and Yoon [@CR22]):$$\documentclass[12pt]{minimal}
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In Eqs. [7](#Equ7){ref-type=""} and [8](#Equ8){ref-type=""}, $\documentclass[12pt]{minimal}
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                \begin{document}$$ {\hat{\varepsilon}}_{t-1} $$\end{document}$ represents the one-lagged residuals of the estimated long-run equation in Table [6](#Tab6){ref-type="table"}. The coefficients *ψ*~1~ and *γ*~1~ represent the long-run adjustments, while the coefficients of the lagged differenced variables stand for the short-run adjustments. Many studies, like Granger and Yoon ([@CR22]) and Honarvar ([@CR27]), only report the significant coefficients resulting from these CECM equations. To obtain equations with the significant coefficients, stepwise regression is performed in the current study. We set the maximum lag value (the value of *k* and *p*) at 10 and applied the stepwise regression with backward selection at the .10 significance level to estimate the parameters of the CECM equations that are statistically significant at the .10 level. The results of this estimation are given in Table [7](#Tab7){ref-type="table"}.Table 7Crouching error correction model results$\documentclass[12pt]{minimal}
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In the short-run equations given in Table [7](#Tab7){ref-type="table"}, all coefficients are significant at the .10 level because of the stepwise regression procedure. Gonzalo and Granger ([@CR20]) defined the dependent variable of the CECM equation with an insignificant error correction coefficient as a permanent component. Permanent component variables are responsible for the long-run dynamics between the variables. Any shock to the permanent component will affect both itself and the other variables in the long run. On the contrary, a dependent variable in the CECM equation with a significant error correction coefficient is defined as transitory (Gonzalo and Granger [@CR20]). A transitory variable will not determine long-run dynamics; thus, any shock to the transitory variable will be impermanent in the long run. The results in Table [7](#Tab7){ref-type="table"} demonstrate that the coefficient of error correction is insignificant for the short-run equation of FDI^+^ and the coefficient of error correction is negative and significant (coef. =−0.68 and *P* \< .10) as expected for the short-run equation of $\documentclass[12pt]{minimal}
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                \begin{document}$$ {\mathrm{CO}}_2^{+} $$\end{document}$ is transitory in the long run. Positive shocks in foreign direct investments determine long-run dynamics. These results demonstrate that an asymmetric long-run causality from FDI^+^ to $\documentclass[12pt]{minimal}
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                \begin{document}$$ {\mathrm{CO}}_2^{+} $$\end{document}$. Furthermore, in the equation of the emissions, the coefficient of foreign direct investment is negative and significant (coef. =−0.50 and *P* \< .10) in Table [7](#Tab7){ref-type="table"}. Thus, a positive movement in foreign direct investments will lead to a decrease in the growth rate of emissions in the short run. This result parallels the results of the long-run equation. In both the short and long runs, policymakers should aim to encourage FDI in Turkey.

We also analyzed hidden co-integration between the series with the Hatemi-J and Irandost ([@CR25]) VCEM methodology to obtain robust results. For this purpose, we estimated VECM models for the functions $\documentclass[12pt]{minimal}
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In the long-run estimation as seen in Table [8](#Tab8){ref-type="table"}, the coefficient of the series FDI^−^ is insignificant (Coef. = −0.9505 and *t*-stat. = 1.28 (*P* \> .10)) so we cannot conclude that either the asymmetric pollution haven or the pollution halo hypothesis is valid. However, the coefficient of the error correction in the short-run equation is negative and significant (Coef. = −0.06 and *t*-stat. = − 2.39 (*P* \< .05)). This negative and significant error correction coefficient means that there is an asymmetric long-run causality from the negative shocks of the foreign direct investments to the positive shocks of emissions. Despite the insignificant effects of the negative movements of FDI in the long run, the effect of the negative movements of FDI on the positive movements of emissions is negative and significant in the short run (Coef. = − 0.443 and *t* = − 2.31 (*P* \< .05)). Furthermore, the coefficient of error correction term is close to zero (Coef. = −0.06), thus demonstrating the slow speed to reach the equilibrium (long-run) level. Short-run imbalances will be adjusted by 0.06% within the first year, but reaching long-run level will require about 17 years. Thus, the significant effects of FDI^−^ on $\documentclass[12pt]{minimal}
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                \begin{document}$$ {\mathrm{CO}}_2^{+} $$\end{document}$ in the short run will become insignificant after a long time. As a result, the short-run regulations in foreign direct investments also play an important role in reaching emission targets for Turkey.

Discussion {#Sec5}
==========

In this study, we test the asymmetric pollution halo and asymmetric pollution haven hypotheses for Turkey by using the data from 1974--2018. We estimate short- and long-run asymmetric causal relationships between the positive and the negative movements in foreign direct investments and emissions. We perform hidden co-integration techniques and estimate vector and crouching error correction models. We finally perform stepwise regression to estimate crouching error correction models and define the long-run asymmetric causality based on the error correction models.

The unit root process indicated that the foreign direct investments and emissions series in Turkey are both non-stationary. This result is consistent with the findings in Akbostancı et al. ([@CR1]), Mutafoglu ([@CR40]), Seker et al. ([@CR50]), Ozturk and Oz ([@CR44]), Koçak and Şarkgüneşi ([@CR32]), and Terzi and Pata ([@CR57]). The unit roots of these series signify their lack of resistance to a given random shock; their level will not reach the ex-level in the long run. These findings indicate that Turkey can form policies on foreign direct investments to decrease its levels of emissions.

The short-run causality results indicate an asymmetric causal link between positive shocks in foreign direct investments and positive movements in emissions $\documentclass[12pt]{minimal}
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                \begin{document}$$ \left({\mathrm{FDI}}^{-}\to {\mathrm{CO}}_2^{+}\right) $$\end{document}$. Consequently, any shock (positive or negative) to foreign direct investments in Turkey will also determine emission growth in the long run, while positive shocks in foreign direct investments in Turkey will determine emission growth in the short run. From this perspective, policies on both short- and long-run foreign direct investments should determine the emission targets in Turkey.

The result of hidden co-integration analyses indicates that $\documentclass[12pt]{minimal}
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                \begin{document}$$ \left[{\mathrm{FDI}}^{-},{\mathrm{CO}}_2^{+}\right] $$\end{document}$ are co-integrated. In Turkey, positive movements in both foreign direct investments and emissions act in tandem, whereas negative movements in foreign direct investments and positive movements in emissions move together in the long run. Thus, Turkey could effectively reach its emissions target by implementing FDI policies.

This study mainly contributes to the literature by testing the asymmetric pollution haven and the asymmetric pollution halo hypotheses. The hidden co-integration analyses we performed demonstrate the validity of the asymmetric pollution halo hypothesis in Turkey, therefore signifying that increases in foreign direct investments in Turkey will lead to a decline in emission growth in the long run. This result contradicts the studies by Akbostancı et al. ([@CR1]), Mutafoglu ([@CR40]), Seker et al. ([@CR50]), Kocak and Şarkgunesi ([@CR32]), and Terzi and Pata ([@CR57]), which support the pollution haven hypothesis for Turkey, although those studies tested the pollution hypotheses symmetrically, rather than asymmetrically like this study.

We also estimated the crouching error correction model. To the best of our knowledge, all previous studies have set the maximum lag number as 4 in the literature because higher lag numbers would require too much time to solve the model. This study also contributes to the literature by using stepwise regression to more easily estimate the parameters in the crouching error correction model even with high lag numbers based on the study by Mert and Caglar ([@CR38]). The results of these estimations indicate that foreign direct investments are permanent while emissions are transitory in the long run. Thus, foreign direct investments are responsible for the long-run dynamics, and a shock to foreign direct investments in Turkey will affect both its future value as well as that of emissions.

Our study then contributed to the current literature by concluding that positive movements in foreign direct investments asymmetrically cause positive long-run movements in emissions. Policymakers should take note of the finding that the series FDI^+^ is a permanent component and responsible for long-run dynamics in the decline in emission growth. As well, the CECM results show that the positive movements of the foreign direct investments negatively and significantly impact the positive movements of emissions in the short run. In addition to these findings, the VECM estimation results also demonstrate that the negative movements in foreign direct investments asymmetrically cause positive movements of emissions in the long run; further, negative movements in foreign direct investments negatively and significantly affect the positive movements of emissions in the short run.

When implementing policies to encourage FDI inflows in Turkey, policymakers should implement the following environmentally friendly policies: encouraging investors to import green technology, prioritizing FDI inflows that will ensure environmental protection and economic development, and privileging investors who will contribute to meeting Turkey's emission reduction targets. Importantly, this study also shows that any movement (positive or negative) of FDI is the main determinant for a decline in the rate of emissions growth in Turkey. As a result, Turkey should attempt to enhance FDI inflows to achieve its emission reduction targets. Authorities should develop policies aimed at not only increasing FDI inflows in Turkey but also protecting the environment in both the short and long runs. Since the global COVID-19 outbreak can be considered an effective shock to FDI as well as other important variables, it will affect Turkey's ability to protect the environment in both the short and long term. Since our study's findings provide evidence that FDI inflows impact emissions, Turkey's policymakers should be prepared for the possible scenarios that may result from this epidemic.

Given the increasing strength of inter-country relations in an ever more global world, future studies seeking to explore the FDI-emission relationship should focus on unions such as the OECD, EU, G20, and MENA. New studies on this relationship should consider the asymmetric effects of FDI for these countries with common characteristics. These studies should examine cross-section dependency, which may play an important role in the relationship between FDI flows and CO~2~ emissions.
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